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Abstract
A total of 919 Escherichia coli isolates from 125 children with diarrhoea (cases) and 98 controls were assayed for adherence to HEp-2 cells.
Localised adherence was found only in isolates from cases. Diffuse, aggregative (AA), chain-like adherence (CLA) and variants of the AA
pattern were found in both cases and controls. The AA isolates were tested for gene sequences associated with enteroaggregative E. coli
(EAEC). Only 25% of the isolates hybridised with the EAEC probe, and the aafA, astA and pet gene sequences were found in 7.9%, 44.7%
and 7.9% of the isolates, respectively. The aggA gene was not found, although 7.9% were positive for aggC. The CLA isolates reacted with
the EAEC probe (55.6%), and the aggC, astA and pet gene sequences were found in 66.7%, 33.3% and 11.1%, respectively. The aggR
(55.6%), aspU (55.6%), shf (33.3%) and she (22.2%) genes were also found in CLA isolates. ß 2000 Federation of European Micro-
biological Societies. Published by Elsevier Science B.V. All rights reserved.
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1. Introduction
Three patterns of adherence to tissue culture cells
among faecal isolates of Escherichia coli have been identi-
¢ed: localised adherence (LA), di¡use adherence (DA),
and aggregative adherence (AA) [1,2]. Gomes et al. [3]
have recently described a distinctive pattern of adherence
characterised by bacteria attaching on both coverslip and
HeLa cell surfaces forming long chain aggregates. This
pattern was termed as chain-like adhesion (CLA).
The AA phenotype de¢nes the enteroaggregative E. coli
(EAEC), an emerging cause of diarrhoea in the developing
world, signi¢cantly associated with persistent diarrhoea
[4^6]. Several potential virulence factors have been de-
scribed in this category [7]. However, the exact mecha-
nisms by which EAEC cause diarrhoea are not completely
de¢ned. Two ¢mbriae designated AAF/I and AAF/II, re-
quired for expression of the AA phenotype, have been
identi¢ed [8,9]. Savarino et al. [10] showed that some
EAEC strains produce a heat-stable enterotoxin
(EAST1) and Eslava et al. [11] characterised a heat-labile
enterotoxin designated plasmid-encoded enterotoxin (Pet).
Recently, Henderson et al. [12] identi¢ed and characterised
a secreted protein, called protein involved in intestinal
colonisation (Pic), which is encoded on the chromosome
of prototype EAEC strain 042.
The prevalence of the recently described CLA-adherent
E. coli [3] has not been investigated and the epidemiolog-
ical association of EAEC with acute diarrhoea was found
to vary by location [7]. Therefore it is important to verify
the prevalence of HEp-2 cell-adherent E. coli among chil-
dren and characterise putative virulence markers in the
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EAEC and CLA E. coli groups. The investigation was
carried out among children less than 5 years old in Lon-
drina, State of Parana¤, Brazil.
2. Materials and methods
2.1. Bacterial isolates
A total of 919 E. coli isolates were examined in this
study. Five hundred and twenty-four isolates were selected
from 125 children with symptoms of gastrointestinal dis-
orders (cases), and 395 from 98 children without diarrhoea
(controls). The population analysed was selected from
children attending the emergency room of public hospitals
(cases), day-care centres and a clinical laboratory (con-
trols) in the city of Londrina, north of the State of Parana¤,
Brazil. Strains were isolated between February 1995 and
May 1996, and between July 1998 and January 1999, on
MacConkey agar plates. From each faecal sample, ¢ve
lactose-fermenting colonies and one lactose non-ferment-
ing colony were identi¢ed by biochemical tests [13]. E. coli
strains were stored at 370‡C in tryptic soy broth with 15%
glycerol.
2.2. HEp-2 cell adherence assay
All 919 E. coli isolates were tested for adherence to
HEp-2 cells as described by Cravioto et al. [14]. When
the adherence pattern was not de¢ned after 3 h of incu-
bation, the test was repeated with a 6-h incubation period.
2.3. DNA hybridisation
From each case and control one E. coli isolate that
displayed AA or CLA was tested using the following spe-
ci¢c DNA probes: EAEC (EAEC adherence plasmid), a
1-kb EcoRI^PstI fragment of pCVD432 [15]; eae (E. coli
attaching and e¡acing gene encoding intimin), a 1-kb
SalI^KpnI fragment from pCVD434 [16]; stx1 (Shiga tox-
in 1 gene), a 1142-bp BamHI fragment of pJN37-19 [17];
and stx2 (Shiga toxin 2 gene), an 842-bp PstI frag-
ment from pNN111-19 [17]. The fragment probes were
labelled with [K-32P]dATP and used in colony hybridisa-
tion assays.
2.4. Polymerase chain reaction (PCR)
The same AA and CLA E. coli isolates that were tested
by DNA hybridisation were screened for the presence of
the aggA (encoding the pilin of AAF/I), aggC (encoding
the usher of the AAF/I), aafA (encoding the pilin of AAF/
II), astA (encoding EAST1), and pet (encoding Pet) genes
by PCR. The pet primers were designed to amplify a 1037-
bp DNA fragment, corresponding to the 5P-region (from
nucleotide 219 to nucleotide 1255) of the published se-
quence of Pet (GenBank accession number AFO56581).
Nine isolates that displayed CLA were tested for other
enteroaggregative plasmid or chromosomal associated
genes (shf, aggR, aspU and she) [18]. Primers, sizes of
ampli¢ed DNA fragments, and cycles of ampli¢cation
for all sequences studied are described in Table 1.
2.5. Haemolysin assay
AA- and CLA-positive isolates were also tested for pro-
duction of haemolysins as described by Beutin [19]. Iso-
lates were cultivated on blood agar supplemented with 5%
de¢brinated sheep erythrocytes and washed three times in
phosphate-bu¡ered saline with and without 10 mM CaCl2.
Table 1
PCR primers, sizes of ampli¢ed DNA fragments and cycles of ampli¢cation used in this study
Gene PCR
primer
Primer sequence (5P-3P) Size of ampli¢ed products
(bp)
Ampli¢cation cycle Reference
astA East11a CCATCAACACAGTATATCCGA 111 1 min 94‡C, 1 min 58‡C, 1 min 72‡C [25]
East11b GGTCGCGAGTGACGGCTTTGT (30 cycles)
pet 5P GTGTTTCAACCAGGTTCAACA 1037 1 min 94‡C, 1 min 52‡C, 90 s 72‡C this study
3P CCTTCACCAATTTTATGCAGT (30 cycles)
aggA sjs5 GCGTTAGAAAGACCTCCAATA 432 1 min 94‡C, 1 min 55‡C, 1 min 72‡C [8]
sjs6 GCCGGATCCTTAAAAATTAATTCCGGC (30 cycles)
aggC 694 TATTAAACCATGGTAGCG 538 1 min 94‡C, 1 min 45‡C, 1 min 72‡C [22]
693 GCCAAGATCCGAGATTGA (30 cycles)
aafA 5P ACATGCATGCAAAAAATCAGAATGTTTGTT 550 1 min 94‡C, 1 min 59‡C, 1 min 72‡C [9]
3P CGGGATCCATTTGTCACAAGCTCAGC (30 cycles)
she 5P GGGTATTGTCCGTTCCGAT 1175 1 min 94‡C, 1 min 52‡C, 90 s 72‡C [18]
3P ACAACGATACCGTCTCCCG (30 cycles)
aspU 5P CTTTTCTGGCATCTTGGGT 232 1 min 94‡C, 1 min 51‡C, 1 min 72‡C [18]
3P GTAACAACCCCTTTGGAAGT (30 cycles)
shf 5P ACTTTCTCCCGAGACATTC 613 1 min 94‡C, 1 min 51‡C, 1 min 72‡C [18]
3P CTTTAGCGGGAGCATTCAT (30 cycles)
aggR 5P CTAATTGTACAATCGATGTA 308 1 min 94‡C, 1 min 40‡C, 1 min 72‡C [18]
3P ATGAAGTAATTCTTGAAT (30 cycles)
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Plates were examined for zones of haemolysis around bac-
terial growth after 3 h and 24 h of incubation at 37‡C.
2.6. Serogrouping
AA- and CLA-positive E. coli isolates were tested for
slide and tube agglutination with speci¢c antisera (Probac
do Brasil, Sa‹o Paulo, Brazil) against O antigens of EPEC
serogroups.
2.7. Statistical analysis
The M2 test was used to determine the statistical signi¢-
cance of the data. Signi¢cance was de¢ned as P6 0.05.
3. Results
3.1. E. coli adherence patterns to HEp-2 cells
E. coli isolates were classi¢ed into four adhesion pat-
terns: LA, DA, AA and CLA (Fig. 1). The frequency of
the distinct adherence patterns found in cases and controls
is presented in Table 2. Only one E. coli adhesion pattern
was associated with each child. Isolates displaying AA
were the most frequent in the population studied. How-
ever, only the isolates presenting LA were signi¢cantly
more frequent in cases than in controls. Besides the typical
AA pattern (AAt), variations of the AA pattern were
found between the 76 E. coli isolates presenting AA (Table
3). The variations consisted of predominant AA to cover-
slip (AAcs), and predominant AA to HEp-2 cells (AAcel).
AAt was the most prevalent pattern, followed by AAcs
and AAcel. No signi¢cant di¡erences between cases and
controls were found when the prevalence of isolates pre-
senting any of these AA variations were analysed sepa-
rately (data not shown).
3.2. Characterisation of E. coli isolates displaying the
AA pattern
The results obtained with the 42 AA isolates that
showed similarity with at least one of the gene sequences
searched are shown in Table 3. The EAEC probe reacted
with 12 (38.7%) of 31 isolates displaying AAt, seven
(38.9%) of 18 AAcel isolates, and none of 27 AAcs iso-
lates. The aafA gene sequence was found only in six
(19.4%) of 31 isolates displaying AAt. The aggC gene se-
quence was found in four (12.9%) of 31 isolates of AAt,
one (3.7%) of 27 AAcs, and one (5.6%) of 18 AAcel. The
Fig. 1. E. coli isolate showing a chain-like pattern of adherence to HEp-2 cells after 3 h of incubation (microscope magni¢cation U4000).
Table 2
Prevalence of di¡erent adherence patterns of E. coli isolates from 125
cases and 98 controls
Pattern of adherencea Number (%) of P valueb
Cases Controls
LA 15 (12) 0 0.005
AA 42 (33.6) 34 (34.7) NS
DA 19 (15.2) 16 (16.3) NS
CLA 2 (1.6) 7 (7.1) NS
NA 47 (37.6) 41 (41.8) NS
aLA, localised adherence; AA, aggregative adherence; DA, di¡use ad-
herence; CLA, chain-like adherence; NA, non-adherent.
bDetermined by M2 test ; NS, not signi¢cant.
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astA gene sequence was found in 14 (45.2%) of the 31 AAt
isolates, 11 (40.7%) of 27 AAcs, and nine (50%) of 18
isolates displaying AAcel. The pet gene sequence was
found only in six (19.4%) of 31 isolates displaying AAt.
The eae, stx1, stx2 and aggA genes were not found in the
76 isolates analysed. Only four isolates agglutinated with
antisera of the EPEC serogroups O86 (AAcel), O128 (AA-
cel), O142 (AAcs) and O158 (AAt). Except for the pres-
ence of the astA sequence in the O86 isolate, all other
isolates lacked the EAEC related DNA sequences tested.
Haemolysin production was detected on blood agar with
and without CaCl2 in only one isolate (AAt) after 24 h of
incubation.
3.3. Characterisation of E. coli isolates displaying the
CLA pattern
Since ¢ve isolates (55.6%) showed similarity with the
EAEC DNA probe, we also searched for other gene se-
quences of enteroaggregative plasmid (aggR, shf and
aspU) and chromosomal (she) genes in these strains. Ex-
cept for two isolates, all of them showed ampli¢cation
products with at least one set of primers. These results
are presented in Table 4. The aggC, astA and pet gene
sequences were found in six (66.7%), three (33.3%) and
one (11.1%) isolates, respectively. The aggR, aspU, shf
and she genes were found in ¢ve (55.6%), ¢ve (55.6%),
three (33.3%) and two (22.2%) isolates, respectively. The
eae, stx1 and stx2 gene sequences were not found in these
strains. None of the isolates agglutinated with antisera of
the EPEC serogroups. Haemolysin production was de-
tected in one strain within 3 h of incubation and two
isolates after 24 h of incubation on blood agar with and
without CaCl2.
4. Discussion
In this work, we analysed the di¡erent adherence pat-
terns of E. coli isolates from cases and controls in Lon-
drina, State of Parana¤, Brazil. Only the localised adher-
ence pattern was found to be statistically signi¢cantly
associated with acute diarrhoea. LA-positive E. coli strains
have been found as an important cause of infantile diar-
rhoea in developing countries [4,20]. Although several au-
thors did not ¢nd any association of DA-positive E. coli
Table 3
Distribution of genes associated with putative virulence markers of EAEC among AA-positive E. coli isolates
HEp-2 adherence patterna (number of isolates) Genetic pro¢leb Number of isolates with the pro¢le
AAt (31) EAEC 3
aggC 2
astA 6
EAEC-aggC 1
EAEC-astA 1
EAEC-aggC-astA 1
EAEC-aafA-astA-pet 6
none 11
AAcs (27) astA 10
aggC-astA 1
none 16
AAcel (18) EAEC 2
astA 4
EAEC-astA 4
EAEC-aggC-astA 1
none 7
aAAt, typical aggregative adherence of bacteria to both HEp-2 cells and coverslip; AAcs, predominant AA to coverslip; AAcel, predominant AA to
HEp-2 cells.
baggA, aggC, aafA, astA and pet (tested by PCR); EAEC, eae, stx1 and stx2 (tested by DNA hybridisation).
Table 4
Distribution of genes associated with putative virulence markers of EAEC among CLA-positive E. coli isolates
HEp-2 adherence patterna (number of isolates) Genetic pro¢leb Number of isolates with the pro¢le
CLA (9) shf 1
EAEC-aggR-aggC-aspU 3
aggC-astA-pet-shf-she 1
EAEC-aggR-aggC-astA-aspU-she 1
EAEC-aggR-aggC-astA-aspU-shf 1
none 2
aCLA, chain-like adherence.
baggA, aggC, aafA, astA, pet, she, aspU, shf and aggR (tested by PCR); EAEC, eae, stx1 and stx2 (tested by DNA hybridisation).
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with infantile diarrhoea in some populations [4,20], signi¢-
cant association with diarrhoea was found in other set-
tings [21]. The epidemiologic association between EAEC
and acute diarrhoea varies by location [7]. Such associa-
tion has not been found in Brazil [5,20] and in other de-
veloping countries [4,6]. Inversely, epidemiological eviden-
ces suggest that EAEC are a signi¢cant cause of persistent
diarrhoea [4,5].
Besides the AAt, variants of the AA phenotype were
found among the EAEC isolates of this work. In Sa‹o
Paulo, Brazil, Gomes et al. [20] detected 415 E. coli iso-
lates showing the AA phenotype and also found AAt
more frequently (61.7%) than the AAcs (31.8%). However,
the AAcel pattern was not observed by these authors.
The EAEC probe showed a poor correlation with the
AA phenotype in our study. Correlation of EAEC probe
positivity with the AA phenotype varies geographically
[15,20,21]. In our study, aggA was not found among the
EAEC isolates. However, 7.9% of the isolates were posi-
tive for aggC. In France, Rich et al. [22] detected the
presence of the aggC sequence in 35% of the strains, which
did not yield a positive result with speci¢c primers for
aggA, suggesting that a slightly di¡erent adhesin was
present in these strains. The aafA gene sequence was
found in 7.9% of the EAEC isolates. Elias et al. [23] found
the aggA and aafA genes in 9.7% and 3.9%, respectively,
among 155 EAEC faecal isolates from children in Sa‹o
Paulo, Brazil. Czeczulin et al. [9] also found aggA more
frequent than aafA. The di¡erences between our study and
reports suggest there are regional di¡erences in the preva-
lence of EAEC ¢mbrial adhesins. Most AA isolates dis-
played combinations of EAEC virulence markers suggest-
ing the presence of the EAEC virulence-associated plasmid
in these isolates [18]. Thirty-four (45%) isolates did not
show similarity with any of the EAEC gene sequences
tested. However, these isolates were not tested for all
known plasmid and chromosomal EAEC putative viru-
lence markers [18]. Interestingly, the group of isolates
showing AAcs presented the least diversity of EAEC vir-
ulence genes while the other two variant groups (AAt and
AAcel) presented several genetic pro¢les. The role of AA
variant strains in the EAEC pathogenesis remains to be
determined.
Nine E. coli isolates displaying the CLA pattern were
found in this work. These isolates were positive for at least
one of the EAEC virulence sequences described in EAEC
strain 042 [18]. The presence of aggC and aggR genes in
some of these isolates suggests that they may harbour a
¢mbrial adhesin related to AAF/I [22] and that, in these
isolates, CLA possibly represent a variation of the AA
pattern. The CLA pattern was previously identi¢ed by
Gomes et al. [3] in E. coli strains that did not hybridise
with DNA probes associated with di¡erent virulence
markers of diarrhoeagenic E. coli ; however, those strains
were not tested for virulence sequences of EAEC strain
042.
In this study we found some AA isolates belonging to
the EPEC O serogroups, which have also been demon-
strated by other authors [7]. Haemolytic activity on blood
agar was found in one AA isolate and three CLA isolates.
The low frequency of haemolysin production among
EAEC and CLA E. coli strains of this study does not
support a major role in enteropathogenicity [24].
EAEC were not associated with acute diarrhoea in our
population. Other studies should be conducted in order to
investigate EAEC as an agent of persistent diarrhoea in
our setting. The mechanism that mediates the CLA pat-
tern and the role of EAEC-associated gene sequences
among these strains also remain to be veri¢ed. Other epi-
demiological studies should be conducted to establish any
role for CLA strains in the pathogenesis of diarrhoea.
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